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N-aminopyridyl ketone salts wereacted with formamide to yield heteroarom
pyrido[2,11][1,2,4]triazinium salts. Upon storage of these piaisl in the presence
water, formation of covalent hydrates have been rebde Reaction of the sa
starting compound with urethane yielded 3-chlorapnf2,1f][1,2,4]triazinium sa
which readily reacted with secondary amines to aff8rdmino derivativesAn
analogous ring closure reaction of 2-formylamindmet  anc
formaminobenzylpyridine allowed the synthesis of tpartially reduced 3,4-
dihydropyrido[2,1f][1,2,4]triazinium compounds. The cyclizatipnocedure was al
applied for the synthesis of the related pyrimiddf2[1,2,4]triazinium salt.

fused triazinium salt
covalent hydrate

2009 Elsevier Ltd. All rights reserved

1. Introduction

Large number of fused [1,2,4]triazines have bedsliged in
the literature and, also, extensive revitvappeared. Among
these compounds, however, relatively few data ardade on
ring systems with positively charged bridge headogién atom.
Four structural variations of such heteroaromadigon can exist
as shown by Fig 1.
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Figure 1.The possible heter oaromatic cations of
pyrido[1,2,4]triazinium bicycle with bridge-head nitrogen
atom

[1,2-b] [2,1-c]
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Out of these four cations, interestingly, synthesisonly
pyrido[1,2b][1,2,4]triazinium ring systefi” as well as its
isoquinoline-fused analoglfdshas been described in details.
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Figure 2. Transformation of zwitterions a and b to
methoxy substituted pyrido[2,1-f][1,2,4]triazinium salts c and
d.

On formation of the second ring system: pyrido[2,1-
f][1,2,4]triazinium cation two pieces of literatumgfarmation are
available: (i) preliminary notes on its synthesiavé been
published without any experimental detdil(ii) zwitterions a



andb (Figure 2) have been synthesized and treated rintlethy!
oxonium fluoroborate to yield 1-methoxy-3-
phenylpyrido[1,2,4]triazinium fluoroborate and 3-methoxy-1-
phenylpyrido[1,2,4]triazinium fluoroborati respectivelyy.

While more detailed descriptions on the tricyclimkgues of
this ring system in patent literature have beecldi®d’ due to
some valuable biological effects of these deriestjv no
preparative procedure has yet been reported osihidesis of
the basic bicyclic heteroaromatjyrido[2,14][1,2,4]triazinium
salt.

Herewith we report on the detailed synthetic route
pyrido[2,14][1,2,4]triazinium salts and describe the firsusture
elucidation of these compounds. We also describesyimthesis
of the partially reduced 3,4-dihydro derivatives waell as
application of this procedure for preparation of @malogous
pyrimido[2,14][1,2,4]triazinium salt.

2. Results and discussion

For the synthesis of the target ring system, twb\pays have
been elaborated. Common starting compound of tteeges was

2-cyanopyridine 1) which was reacted with a Grignard reagent.

Acidic work up of the reaction mixture afforded 2-hewl or 2-
p-chlorobenzoylpyridiné (2ab, Scheme 1). When this
compound was reacted wirtosyl hydroxylamine (TSHJ, the

N-amino salt 8a,b) was obtained in acceptable yield (75% and

85%, respectively). Reaction 8&,b with the appropriate amide
and phosphorus oxychloride resulted in the ringwle to the
pyrido[2,11][1,2,4]triazinium saltgla,b.
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Scheme 1

Another synthetic possibility is work up of the reant
mixture obtained from transformation of 2-cyanogdine @) and
Grignard reagent in the presence of ammonium cldofid this
case extraction with organic solvent led to isolatid ketimine
5. This intermediate proved to be a pale yellow bilvas not
purified and was transformed immediately to acylinin

derivatives §c-€) by treatment with the appropriate acid chloride.

2

N-amination of acylketimine 6¢c-e with O-tosyl
hydroxylamine (TSH) gave the final product triamim salt 4c-
€) in one manipulation step. This reaction proceededously
via formation of the N-amino intermediate 7 which
spontaneously underwent ring closuréto

DMSO-dg solution
+H,0

Aromatic salt (4a) Hydrate salt (4aa)

Figure 3.Transformation of aromatic pyrido[2,1-f][1,2,4]-
triazinium salts (4a) to covalent hydrates (4aa). The change of
the chemical shift of C4 convincingly supports the fact of the
water addition.

When the DMSO solution afa was allowed to stand at room
temperature, its NMR spectrum underwent a graduahgé: the
intensity of the originally observed pattern of cfieal shifts
decreased and, in 3 days, a new set of signals migher
intensity appeared. As a result of this changerdtie of the new
and original component was found to be 5:1, apprateéty.

By comparison of this observation with results earfound
with the benzologue fused isoquinolinium $ate had to assume
that a covalent hydration with participation of wamf water is
taking place in case @fa as shown in Figure 3. Thus, while the
isolated4a exists initially in the aromatic form, reaction thfis
compound with water results in formation of the “rgtér salt”
4aa. Covalent hydration of various monocyclic and flise
[1,2,4]triazines was earlier known and is well docutedrin the
literaturé®*®.

A full assignment of the two NMR spectra of these two
structures has been carried out. This revealedtligastructural
change of the “aromatic salt4q) to “hydrate salt” 4aa) is
convincingly supported by the change of the NMR 8pec
carbon shift of C-4 appears in the aromatic speates 169.2,
whereas this shift is to be found at essentiallhéidield in the
hydrate salt§ 76.3) because of the *spybrid state of this carbon
atom. Similarly, an upfield change of the H-8 shift the
aromatic compounds(9.92) tod 8.95 in the spectrum of the
hydrate is in agreement with the decreased aromatidi the
hydrate salt. Our efforts to isolalaa in pure crystalline form
unfortunately failed.
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formamide/phosphorus oxychloride. Upon addition of
perchloric acid, 4-(4-chlorophenyl)-6,8-dimethylpgido[2,1-
f][1,2,4]triazinium perchloratel7 as a new ring system was
A different substitution pattern of the ring closethzinium  obtained in modest yield.
salt was achieved by reaction Nfamino ketone salBa with
urethane in the presence of phosphorus oxychlomje.this
transformation, 2-chloropyrido[2,fF1,2,4]triazinium
perchlorate § was obtained in good yield. The chlorine atom in
position 2 readily underwent nucleophilic substdati with
secondary amines. Thus, 2-morpholi8a)(and 2-diethylamino
substituted salts(9b) were obtained with morpholine and 3. Conclusion
diethylamine, respectively.

Scheme 2

It is important to emphasize that, in this reactibgdrogen
cyanide is evolving as side product. This can bewdver,
avoided by an alternative experimental method liygustanium
tetrachloride instead of phosphorus oxychloridesfa@wn in the
experimental part (see Method D).

. ) ) In this study, a full experimental description heen reported
An analogous ring closure reaction to that descrdisglie can 5, the synthesis of the heteroaromatic pyrido[2,1-

also be carried out starting from the commercialilable 2- g1y > ajtriazinium salts which was earlier disclosedly in
aminomethyl- {0a) and 2-aminobenzylpyridind@b) as starting  refiminary publications. In the presence of watermation of
compounds. This procedure allows the synthesis of 8-  cqyaient hydrates has been observed. Similar ritapuce
dihydropyrido[2,1f][1,2,4]triazinium salts. Thus, formylation of | o5ction to 3,4-dihydropyrido[2,l1,2,4]triazinium compounds
10 with ethyl formate affords the formylaminomettfy(11a) and has also been elaborated. The ring closure proeedas also

2-formylaminobenzylpyridine 1b) which compounds upon applied for the synthesis of a related pyrimido[2,1
treatment with TSH give rise to formation of the extpd 3,4- fl[1,2,4]triazinium salt.

dihydropyrido[2,1f][1,2,4]triazinium  perchlorates 13a,b. A
plausible intermediate of this last step is forimatiof the N-
amino saltl2. In case ofl1la an alternative cyclization route has

also been carried out:N-amination and simultaneous 4. Experimental section

deformylation with perchloric acid yielded tiNamino salt14 Melting points were determined on a Biichi apparatus are
which upon treatment with triethyl orthoformate gdlkie same |\ ncorrected. The ID spectra were recorded on a Théficmet
ring closedl3a. Avatar 320 FT-IR spectrometer. NMR experiments wereiaxh

out on Varian INOVA-300 spectrometer equipped with arf m
inverse detection z-gradient probe and on 500 MHiaviaXMR

1. NaOH (10%) 1. TSH reagent R SYSTEM spectrometers. Measurements were performed at
Tn Zpicod I HNH +30°C in CDC} and DMSO-¢. 1H and 13C chemical shifts are
@XNW —_— @XNH 2. HOI0, (10%) | v o expressed in parts per milliod)(referenced to TMS or residual
AN THer e AN dho B Ee T T o Ivent signals. The elemental analysis has beeiedaut with
: o8 solvent signals. The elemental analysis has beeiedaut with
10ab tab 12 the Elementar Vario EL Il apparatus (at the AnaBfic
R R=H I Laboratory for Organic Chemistry, Institute of Organi
S 1. TSH reagentCHCl Jm;fn & Chemistry, Research Centre for Natural Sciences, &ty
b|Pn 2.Heio, . Academy of Sciences, Magyar tuddésok koratja 2, H7111
T o 1. HO(OED, \ H Budapest, Hungary). Reactions were monitored with ckler
[ N ° reflu, 3 h L /)NH silica gel 60 F254 TLC plates (0.25 mm thicknesd)chemicals
“Bw, %0 2 oo, (0w oNo and solvents were used as supplied.
14 ¢ 13ab
4.1.Ring Closure to Pyrido[2,1-f][1,2,4]triazinium salts
Scheme 3 (4a-€)

Method A: In a well ventilating hood POg(6.7 g, 4 mL, 44

The ring closure methodology to  pyrido[2,1- mmol) was dropped below 10C into the stirred solution of 1-
f][1,2,4]triazinium salts4 was also successfully applied for the amino-2-aroylpyridinium tosylate3g,b, 1 mmol) in formamide
synthesis of the corresponding pyrimido[#[1;2,4]triazinium (10 mL) (Caution: HCN was liberated during the probeaad
salt (Scheme 4). stirring was continued for 30 min. The reaction migt was
poured onto crushed ice, mixed with 70% HEIQ mL) and
extracted with nitromethane (3 x 10 mL). The organitact was

Cl
concentrated and the residue was recrystallized foswitable
solvent to give the product.
HsC I NN rsene, T | Na N HacHo HeC I NSy Method B: A mixture of3a (0.3 g, 1 mmol) with acetamide
N /g\N/)
Q

Cl Cl

POCI; or Tick (0.6 g, 10 mmol) or benzamide (1.2 g, 10 mmol) in

. - Z @ NH . . . )
She Ssemmm CHGTsOé t, 30 min & oS polyphosphoric acid (5 g) was stirred at 110 for 3 h. The
15 16 17 reaction mixture was poured on ice-water, mixed wit7
HCIO, (1 mL) and the precipitate was filtered off, waslvéth
water and CClto give the product.
Scheme 4 Method C: Into a solution of the appropriaiacylketimine

- (6c-e, 10 mmol) in CHCI, (5 mL) was dropped a freshly
Thus, pyrimidyl ketonl5™" was N-aminated to give thé\- prepared solution of TSH (1.87 g, 10 mmol) in £LH (30 mL)
amino salt 16 which was then treated with atroom temperature. After being stirred for 1 Ig solvent was



evaporated, the residue was mixed with PCald refluxed for
10 min. The excess of the PQ@las evaporated imacuq the

residue was poured into ice-water containing 70% HC2XmL)

and the precipitate was filtered off, washed with wedegive the
product.

4-Phenylpyrido[2,1-f][1,2,4]triazinium perchlorateld)

This compound was prepared by Method A to give 0.28 g

(90%) of crystals, mp 259-26 (nitromethane-diethyl ether);
[Found: C, 50.64; H, 2.97; N, 13.62; Cl, 11.52,3H;,CIN;O,
requires C, 50.74; H, 3.28; N, 13.66; Cl, 11.52%j%; (KBr):
3050, 1600, 1564, 1510, 1460, 1410, 1100 caV (EtOH): 297
(4.13), 228 (4.20), shoulder: 350, 325 riim(500 MHz, DMSO-
dg): 7.77 (2H, m, H3' + H5’), 7.84 (1H, m, H4’), 7.95 (2H,
H2' + H6), 8.71 (1H, ddd) 7.7, 6.5, 2.1 Hz, H7), 8.86 (1H, dd,
J 8.3, 2.1 Hz, H5), 8.91 (1H, ddd,8.3, 7.7, 1.0 Hz, H6), 9.92
(1H, dd,J 6.5, 1.0 Hz, H8), 9.95 (1H, s, H2): (125 MHz,
DMSO-dg): 128.3 (C5), 129.2 (C3' + C5’), 130.5 (C2' + Cp')
130.9 (C7), 132.7 (C1'), 132.8 (C4’), 135 .3 (C4®41.6 (C8),
144.3 (C6), 154.2 (C2), 169.2 (C4).

Hydrate salt formation in solution: identification of-
Hydroxy-4-phenyl-3,4-dihydropyrido[2,1-f][1,2,4]tr@nium
perchlorate 4aa)

84 (500 MHz, DMSO#dy): 7.48 (1H, m, H4"), 7.49 (2H, m,
H3’ + H5), 7.55 (1H, dd,) 8.2, 1.2 Hz, H5), 7.66 (2H, m, H2' +
H6"), 8.00 (1H, ddd,) 7.8, 6.7, 1.2 Hz, H7), 8.20 (1H, d5.1
Hz, H2), 8.29 (1H, ddd] 8.2, 7.8, 1.4 Hz, H6), 8.52 (1H s,,br,
OH), 8.95 (1H, dd)) 6.7, 1.4 Hz, H8), 10.65 (1H, d,5.1 Hz,
NH); 8¢ (125 MHz, DMSO€,): 76.3 (C4), 126.8 (C5), 127.0
(C2' + C6), 127.2 (C7), 128.6 (C3’ + C5), 129.64), 139.6
(C8), 141.9 (C1'), 142.8 (C6), 144.3 (C4a), 14ER),

4-(4-Chlorophenyl)pyrido[2,1-f][1,2,4]triazinium pehlorate
(4b).

This compound was prepared using Method A to givé @.2
(62%) of white crystals, mp 254-256 (acetonitrile)[Found: C,
45.82; H, 2.71; N, 12.58. ,¢4,ClLN;O, requires C, 45.64; H,
2.65; N, 12.78%]; IR (KBr): 3020, 1610, 1590, 15030,
1400, 1100 cf &4 (500 MHz, DMSOd,): 7.84 (2H, m), 7.95
(2H, m,), 8.70-8.74 (1H, m), 8.86-8.92 (1H, m), 8.9H(ddd,J
8.3, 7.7, 1.0 Hz, H6), 9.92 (1H, dd6.5, 1.0 Hz, H8), 9.95 (s,
1H, H2); 8¢ (125 MHz, DMSO€d): 128.8, 129.9 (2C), 131.5,
132.0, 132.8 (2C), 135.7, 138.5, 142.1, 144.8,0,4%8.4.

2-Methyl-4-phenylpyrido[2,1-][1,2,4]triazinium pentorate
(4c)

This compound was prepared using Method B to gileg0.
(31%), mp 269-271°C (nitromethane-ethanol, white plates);
[Found: C, 52.51; H, 3.94; N, 12.88,,8,,CIN;O, requires C,
52.27; H, 3.76; N, 13.06%]; IR (KBr): 3050, 2930, 0571510,
1460, 1405, 1100 ch UV (EtOH): 296 (4.09), 232 (4.23),
shoulder: 350, 325 nndgy (500 MHz, DMSOdg): 2.96 (3H, s,
CHy), 7.75 (1H, m), 7.83 (2H, m), 7.92 (2H, m), 8.64 (1H,7.8
Hz), 8.79-8.85 (2H, m,), 9.81 (1H, d,5.2 Hz, H8);3. (125

MHz, DMSO-dy): 23.4, 128.0, 129.2 (2C), 130.4 (2C), 130.8,

132.6, 132.7, 133.4, 141.0, 143.5, 164.3, 168tdrting from3a
and using Method C, 1.26 g (39%) of product was gmegh, mp

4
(KBr): 3100, 3060, 1590, 1550, 1495, 1440, 1395)0L&m";
oy (500 MHz, DMSO+dg): 7.72-7.89 (6H, m), 8.07 (2H, m), 8.59
(2H, m), 8.70 (1H, m), 8.87 (2H, m), 9.94 (2H,J&.2 Hz); ¢
(125 MHz, DMSO€g): 128.7, 129.3 (2C), 129.8 (2C), 130.0
(2C), 131.1 (2C), 131.6, 132.3, 133.4, 133.5, 131334, 142.1,
144.0, 160.0, 169.5. Starting frdda and using Method C, 1.49 g
(39%) of white crystals were prepared, mp 265-Z67

2-t-Butyl-4-phenylpyrido[2,1-f][1,2,4]triazinium pehlorate
(4e)

This compound was prepared by Method C; 1.49 g (418p)
251-253°C; [Found: C, 56.35; H, 5.20; N, 11.22,,8,5CIN;O,
requires C, 56.12; H, 4.99; N, 11.55%]; IR (KBr): 808050,
2970, 1575, 1560, 1480, 1440, 1090, 690'chy (500 MHz,
DMSO-dg): 1.53 (s, 9H), 7.74 (2H, m), 7.80 (1H, m), 7.94 (2H,
m), 8.61 ((1H, tJ 7.9Hz), 8.78-8.84 (2H, m), 9.80 (1H, 35.0
Hz); 8¢ (125 MHz, DMSOsdg): 28.4 (3C), 110.0, 128.3, 129.7
(2C), 131.0 (2C), 131.1, 133.1, 133.5, 133.8, 14P4a.1, 168.6,
172.4.

Phenyl-2-pyridyl N-acyl)ketimine 6c-€).

General methaodA solution of the appropriate acid chloride
(0.11 mol) in dry toluene (30 mL) was dropped intstared
solution of5 (20 g, 0.11 mol) and triethylamine (11.1 g, 1513 m
0.11 mol) in dry toluene (70 mL) at“C. The reaction mixture
was stirred for 1 h, filtered and the solvent waspevated. The
residue was recrystallized to give the product.

Phenyl-2-pyridyl (N-acetyl)ketiminéc)

This compound was prepared by the general procadiing
acetyl chloride as reagent to give 14.9 g (66.5%)white
crystals, mp 83-85C (diethyl ether); [Found: C, 75.24; H, 5.53;
N, 12.60. G4H;:N,O requires C, 74.98; H, 5.39; N, 12.49%]; IR
(KBr): 3010, 2880, 1670, 1640, 1580, 1500, 1440"cly (300
MHz, CDCk) 2.12 (3H, s, CEtN-acetyl), 7.51-7.55 (3H, m, H-
phenyl), 7.70-7.85 (4H, m H-4, H-5-pyridyl, H-phejyl7.93
(1H, dd,J 6.5, 2.0 Hz, H3-pyridyl), 8.69 (1H, dd,6.8, 1.7 Hz,
H6-pyridyl).

Phenyl-2-pyridyl (N-benzoyl)ketiminéd)

This compound was prepared by the general procadiing
benzoyl chloride as reagent to give 25.7 g (90%)wbiite
crystals, mp 104-106C (diethyl ether / CkCl, = 2 : 1) );
[Found: C, 79.92; H, 5.10; N, 9.67,48,,N,0 requires C, 79.90;
H, 4.93; N, 9.78C%]; IR (KBr): 3050, 3000, 1655, 1625600,
1570, 1440, 690 ch &, (300 MHz, CDC}) 7.51-7.55 (3H, m,
H-phenyl), 7.60-7.85 (7H, m, H-phenyl, H-benzoyl)74-7.79
(2H, m H-4, H-5-pyridyl), 7.90 (1H, ddJ) 6.5, 2.0 Hz, H3-
pyridyl), 8.73 (1H, ddJ 6.9, 1.6 Hz, H6-pyridyl).

Phenyl-2-pyridyl (N-pivaloyl)ketiminée)

This compound was prepared by the general procadiing
pivaloyl chloride as reagent to give 23.1 g (79%) white
crystals, mp 85-87C (petroleum ether) ); [Found: C, 76.91; H,
6.98; N, 10.44. GHgN,O requires C, 76.66; H, 6.81; N, 10.52
%]:. IR (KBr): 3070, 3050, 2910, 1660, 1625, 157870, 1440,
690 cm'; 8, (300 MHz, CDCJ) 1.25 (9H, s, CHN-tBu), 7.49-
7.52 (3H, m, H-phenyl), 7.75-7.83 (4H, m H-4, H-5idyt, H-

269-271°C. The compound was identical with that obtainedphenyl), 7.98 (1H, dd] 6.8, 1.9 Hz, H3-pyridyl), 8.70 (1H, dd,

earlier.
2,4-Diphenylpyrido[2,1-f][1,2,4]triazinium perchlorat(@d)

Prepared using Method B; 0.16 g (41%), mp 265-267
(acetonitrile-water, white plates); [Found: C, 59.18;3.87; N,
10.70. GoH14CIN3O, requires C, 59.46; H, 3.68; N, 10.95%; IR

7.0, 1.8 Hz, H6-pyridyl).

2-Chloro-4-phenylpyrido[2,1-f][1,2,4]triazinium pehtorate
®)

A suspension oBa (0.37 g, 1 mmol) and urethane (0.18, 2
mmol) in POC} (5 mL) was refluxed for 1 h. The excess of



POCE was evaporatedn vacuq the residue was mixed with
acetic acid (3 mL) and 70% HCJ@.1 mL) and diethyl ether (3
mL). The precipitate was filtered off, washed withthjé ether
to give 0.3 g (88%) of beige crystals, mp 274-2C¢7Found: C,
45.93; H, 2.45; N, 11.98. ,¢4,ClLN;O, requires C, 45.64; H,
2.65; N, 12.28%]; IR (KBr): 3080, 1605, 1600, 155(/00,
1450, 1100 cif; &y (500 MHz, DMSOd): 7.79 (2H, m, H3' +
H5’); 7.89 (1H, m, H4’); 7.96 (2H, m, H2' + H6"); 8.76Kll. td,J
6.5, 3.2 Hz, H7); 8.94 (2H, m, H5 + H6); 9.95 (1HJd,6.5 Hz,
H8); 3¢ (125 MHz, DMSO#dg): 129.0 (C5), 129.4 (C3’ + C5)),
130.1 (C7), 130.9 (C2' + C6’), 131.7 (C1"), 131@4(), 133.7
(C4a), 141.5 (C8), 144.8 (C6), 159.3 (C2), 171.8)(C

2-Morpholino-4-phenylpyrido[2,1-f][1,2,4]triazinium
perchlorate 9a)

A mixture of 8 (0.34 g, 1 mmol) and morpholine (0.17 g, 2

mmol) in acetonitrile (5 mL) was refluxed for 1 hhé reaction
mixture was cooled down to rt, and ethyl acetate (3 mas
added. The precipitate was filtered off, washed wigthyl ether
to give 0.30 g (76%) of yellow crystals, mp 1%&.;[Found: C,
51.72; H, 4.40; N, 14.32. &1,,CIN,Os requires C, 51.98; H,
4.36; N, 14.26%]; 8y (500 MHz, DMSO#d) : 3.80 (4H, tJ 4.6
Hz, N-CH,), 3.96 (4H, br. s, O-C}), 7.72 (2H, m, H3' + H5’),
7.78, (1H, m, H4"), 7.88 ( 2H, m, H2' + H6’), 8.34 (1Hdd| J
7.2,6.4,1.7 Hz, H7), 8.37 (1H, ddi8.2, 7.2, 1.3 Hz, H68.45
(1H, dd,J 8.2, 1.7 Hz, H5), 9.32 (1H, dd,6.4, 1.3 Hz, HE §¢
(125 MHz, DMSO#): 44.2 (N-CH), 66.0 (O-CH), 127.9 (C5),
129.0 (C3' + C5"), 130.1 (C2' + C6"), 130.5 (C7)31.3 (C4a),
132.4 (C4’), 132.9 (C1’), 137.9 (C8), 138.8 (C6R617 (C2),
168.0 (C4).

2-Diethylamino-4-phenylpyrido[2,1-f][1,2,4]triazinium
perchlorate 9b)

A mixture of 8 (0.34 g, 1 mmol) and diethylamine (0.15 g, 2

mmol) in acetonitrile (5 mL) was refluxed for 1 hhé reaction
mixture was cooled down to rt, and ethyl acetate (3 mas
added. The precipitate was filtered off, washed wigthyl ether
to give 0.28 g (74%) of yellow crystals, mp 164-£65;[Found:
C, 53.78; H, 5,01; N, 14.81.,¢,,CIN,O, requires C, 53.90; H,
5.06; N, 14.79%]6y (500 MHz, DMSO¢) (ppm): 1.25 (3H, tJ
6.4 Hz, N-CH-CHs), 1.32 (3H, t,J 6.4 Hz, N-CH-CH,), 3.75
(2H, g,J 6.4 Hz, N-CH-CH,), 3.82 (2H, q,J 6.4Hz, N-CH-
CHy), 7.71 (2H, m, H3' + H5’), 7.78 (1H, m, H4’), 7.86 (2hh,
H2' + H6’), 8.29 (1H, dddJ 7.3, 5.9, 1.6 Hz, H7), 8.31 (1H, ddd,
J 8.2, 7.3, 1.2 Hz, H6), 8.39 (1H, dd, 8.2, 1.6 Hz, H5), 9.29
(1H, dd,J 5.9, 1.2 Hz, H8)H: (125 MHz, DMSOd;): 11.8 +
13.4 (N-CH-CHjy), 42.4 (N-CH-CH,), 127.7 (C5), 129.0 (C3' +
C5’), 129.9 (C2' + C6’), 130.2 (C7), 131.2 (C4ap21l (C4),
133.2 (C1), 137.1 (C8), 138.6 (C6), 156.4 (C2)7 B5(C4).

N-(Pyridin-2-ylmethyl)formamidel{a)

A solution of pyridin-2-ylmethanaminel@a, 10.8 g, 10.3
mmol) and ethyl formate was heated under reflux witignetic
stirring for 1.5 h. After completion of the reactjahe resulting
mixture was evaporated to give the final prodistas yellow oil,
13.5 g (quanty.

N-(phenyl(pyridin-2-yl)methyl)formamida1b)

To phenyl(pyridin-2-yl)methanamine hydrochlorid€elOtlg,
1.167 g, 5.28 mmol) an aqueous solution of sodiyardxide
(0.217 g, 5.42 mmol in 2 mL) was added, and the umixivas
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stirred at room temperature for 30 min. Then it wagacted
with dichloromethane (3 x 2mL). The organic phase wd&sd
over NaSQ, filtered and evaporated to yield the product as
yellow oil (1.117 g, quant.); IR(KBr): 3279, 2856671, 1495,
699, cni; 54 (300 MHz, CDCJ): 6.23 (1H, d,J 7.2 Hz, H1),
7.18-7.35 (7H, m, H3 H5, H2", H3", H4", H5’, H6"), 7.60-
7.66 (1H, m, H4’), 7.80 (1H, br. s, NH), 8.32 (1H, s, Ha,
8.56 (1H, d,J 4.8 Hz, H6’); 6c (75 MHz, CDC}): 56.0 (C-1),
122.6 (C-4), 122.8 (C-9, 127.3 (C-2, C-6"), 127.6 (C-3,
128.7 (C-3, C-5"), 137.0 (C-4, 141.4 (C-1), 148.8 (C-6),
158.2 (C-2), 160.2 (C=0). HRMS (ES) for,gH;,N,O [M+H]":
calcd 212.2474, found 212.2463.

3,4-Dihydropyrido[2,1-f][1,2,4]triazinium perchloratél3a)

To the solution of 1-amino-2-(ammoniomethyl)pyridiium
perchlorate and tosylaté4, 2.00 g, 5 mmol) and acetonitrile (2.5
mL), triethyl ortoformate (0.69 mL, 0.5 g, 3.3 mralas added
and refluxed under magnetic stirring for 3 h. Aftempletion of
the reaction (monitored by TLC), the mixture wasparated in
order to reduce its volume to 3 mL. HGI(¥0%, 0.5 mL) and
hot ethyl acetate (15 mL) was added to the solutiven cooled
to give colorless crystals. The product was colkdte filtration
(2.0 g, 85%, mp 194-199 °C; [Found: C, 35.69; H,03.H,
18.20. GHgCIN;O, requires C, 35.99; H, 3.45; N, 17.99%)]; IR
(KBr): 3338, 3043, 1640, 1334, 108m"; &, (300 MHz,
DMSO-de): 4.87 (2H, s, C(4)y, 7.75-7.78 (2H, m, H2, H5),
7.87 (1H, m, H7), 8.30-8.36 (1H, dt7.8, 1.2 Hz, H6), 8.67 (1H,
d, J 6.3 Hz, H8), 8.83 (1H, br. s, NH}; (75 MHz, DMSO#):
37.9 (C4), 126.3 (C5), 126.8 (C7), 140.1 (C4a), .34(C8),
143.1 (C6), 150.4 (C2).

4-Phenyl-3,4-dihydropyrido[2,1-f][1,2,4]triazinium
perchlorate {3b)

To the solution ofN-(phenyl(pyridin-2-yl)methyl)formamide
(11b, 0.25 g, 1.1 mmol) in dichloromethane (2 mL) wasled
down to 0 °C solution of TSH (0.21 @) dichloromethane (6
mL) was added under magnetic stirring at 0 °C fom80. The
reaction mixture was allowed to warm up to rt and neéired at
this temperature for 3 h. HC}J@70%, 1 mL) was added to the
mixture, stirred for further 3 h. After completiofi the reaction
(2 d, without magnetic stirring), the precipitatetbguct was
filtered off as white crystals (0.33 g, 79%, mp 1 °C; IR
(KBr): 3387, 1633, 1490, 1085, 625 ¢nd, (300 MHz, DMSO -
dg): 6.28 (1H, br. s, H4), 7.39-7.46 (5H, m, HRI3', H4', H5,
H6"), 7.73 (1H, dJ 7.8 Hz, H5), 7.89 (1H, m, H7), 8.01 (1H,X,
4.8 Hz, H2), 8.29 (1H, m, H6), 8.78 (1H, H6.6 Hz, H8), 9.70
(1H, br. s, NH);5¢ (75 MHz, DMSO¢dg): 51.1 (C4), 127.1 (C7),
127.2 (C5), 127.3 (C2C6), 129.5 (C3 C4, C5), 140.7 (C8),
140.9 (C4a), 141.9 (C1 143.5 (C6), 149.2 (C2).

1-Amino-2-(ammoniomethyl)pyridinium tosylate perchlerat
(14

The mixture ofN-(pyridin-2-ylmethyl)formamide X1a, 1.40
g, 10.28 mmol) and dichloromethane (10 mL) was abalewn
at 0 °C in a round-bottomed flask, then the sotutd TSH (0.73
g) in dichloromethang0 mL) was added under magnetic stirring
at 0 °C for 30 min. The reaction mixture was allow@dvarm up
to rt and maintained at this temperature for 3 hI®4G70%, 1
mL) was added to the mixture, stirred for furtheh3 After
completion of the reaction (2 d, without magnetiicrisig), the
mixture was concentrated under reduced pressure.radidue
was diluted with acetonitrile (20 mL) and water (1 nénd
heated. Hot ethyl acetate (10 mL) was added dropveistne
solution, then it was cooled down, whereupon a sotmHyoct



deposited. The product was collected by filtraticn calorless
crystals (2.76 g, 68%, mp 192-195 °C), [Found: 8,13; H,
4.74; N, 10.37. @H.sCIN;O;S requires C, 39.45; H, 4.58; N,
10.62%)]; IR (KBr): 3307, 2930, 1505, 1209, 1084 ¢t (300
MHz, DMSO4dg): 2.28 (3H, s, CH, 4.53 (2H, m, CH, 7.12
(2H, m, H3, H5"), 7.45 (2H, m, H2 H6'), 8.04-8.08 (7H, m, H3,
H5, NH,, “NHs), 8.47 (1H, m, H4), 8.95 (1H, d,6.0 Hz, H6):5¢
(75 MHz, DMSO#d;): 20.8 (CH), 38.2 (CH), 125.4 (C2 C6),
127.8 (C3, C5), 128.2 (C3C5), 137.9 (C4, 141.8 (C6), 142.4
(C4), 145.1 (C), 146.6 (C2).

1-Amino-2-(4-chlorobenzoyl)-4,6-dimethylpyrimidinium
tosylate(16)

A freshly prepared solution of TSH (1.14 g, 6.1 mmiol)
dichloromethane (50 mL) was added to a stirredtgwuof (4-
chlorophenyl)(4,6-dimethylpyrimidin-2-yl)methanoi#s)"® (1.5
g, 6.1 mmol) in dichloromethane (20 mL) at 0 °CeTeaction
mixture was stirred for 30 min, then it was allowedverm up to
rt. After completion of the rection (3 h), diethyher was added
to the solution, the precipitated crystals wereefdd off and
recrystallized from acetonitrile to give the protuas white-
yellow crystals (1.27 g, 48%, mp 174-176 °C); [FouBd55.10;
H, 4.41; N, 9.35; S, 7.67.,81,CIN;O,S requiresC, 55.36; H,
4.65; N, 9.68; S, 7.38%]; IR (KBr): 3218, 3100, 168221,
1010 cnt; &y (300 MHz, DMSOd): 2.29 (1H, s, CK (TsO)),
2.74 (3H, s, 4-Ch), 2.85 (3H, s, 6-Ck), 7.11 (2H, m, H-3, H-
5"), 7.23 (1H. br. s, N, 7.46 (2H, m, H-2, H-6"), 7.68 (2H, m,
H-3', H-5"), 7.99 (2H, m, H-2 H-6"), 8.28 (1H, br. s, H-5%¢ (75
MHz, DMSO4g): 18.5 (CH-(Ts0Q)), 20.8 (6-Ch), 24.4 (4-CH),
124.9 (C-5), 125.5 (C+2C-6"), 128.0 (C-3, C-5'), 129.6 (C-3
C-5), 131.5 (C-4, 137.7 (C-2 C-6), 137.7 (C-4), 140.9 (C-J),
145.5 (C-1), 156.9 (C-2), 166.4 (C-4, C-6), 174.4 (C=0).

4-(4-Chlorophenyl)-6,8-dimethylpyrimido[2,1-
f][1,2,4]triazinium perchlorat€l?7)

Method A: POCL (15 mL) was dropped into a stirred solution
of 7 (5 g, 11.5 mmol) in formamide (25 mL) at 8D (Caution:
HCN was liberated throughout the process!). Stirring was
continued at 86C for 1 h and poured on ice-water. The solution
was mixed with 70% HCIQ (0.5 mL) and extracted with
nitromethane (3 x 15 mL). Charcoal was added todifganic
extract and it was dried over Mgg@iltered and the solvent was
evaporated. The residue was recrystallized fromoadeie-ethyl
acetate to give pale yellow crystals (0.7 g, 16%,17p-174 °C;
[Found: C, 45.52; H, 3.54; N, 14.88,,8:,Cl,N,0, requiresC,
45.30; H, 3.26; N, 15.09% ]; IR (KBr, ¢t 3420, 3073, 1630,
1478, 10953, (300 MHz, CQCN): 2.97 (3H, s, 6-Ck), 3.07
(3H, s, 8-CH), 7.69 (2H, m, H3 H5), 8.34 (1H, s, H7), 8.44
(2H, m, H2, H6), 9.67 (1H, s, H2)§ (75 MHz, CCN): 19.4
(8-CHg), 26.0 (6-CH), 127.7 (C7), 130.0 (C3C5), 131.7 (C9,
134.2 (C2), 134.9 (C2C6), 141.3 (CY), 160.0 (C6, C8), 167.5
(C4a), 176.2 (CA4).

Method D: TiCl, (3.8 g, 2.2 mL, 20 mmol) was dropped into
dioxane (10 mL) under stirring at 25 #10GC. N-
aminopyrimidinium saltlé (5 mmol) was added to the yellow
suspension and it was heated up t6®@5Formamide (3 mL) was
added to the reaction mixture and it was refluxed 3@ min.
Water (30 mL) and 70% HCIJ5 mL) were added to the cooled
reaction mixture and the resulting solution was aoted with
nitromethane (3 x 30 mL). The combined organic aottwas
evaporated to dryness, the residue was recrystilifrem a
mixture of acetonitrile-ethyl acetate to give pgtdlow crystals
(0.96 g (52%).

The compound was identical with that obtainedvigghod A.
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